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Abstract 
It has been realized almost from the start 
of biological electron microscopy that the use of 
low temperature in specimen preparation might 
alleviate the problems associated with conven-
tional chemical fixation and plastic embedding. 
In practice it has been very difficult to realize 
any benefits, owing to the problems encountered 
in trying to prepare samples with the water 
transformed to ice, yet without the sample itself 
hopelessly distorted by ice crystals. The diffi-
culty is caused by the poor diffusibility of heat 
through water, the main constituent of almost all 
biological samples. Even with a maximal tempera-
ture gradient between the sample surface and the 
coolant, and a perfect contact between the two, 
heat diffusibility through the sample quickly 
becomes the limiting parameter affecting coolin~ 
rate. Unles 10 the co~1r_ing rate is as high as 10 
or even 10 C. msec. , the ice formed will be 
crystalline. Such high cooling rates can only be 
attained in the first few micrometers of even 
very small samples: therefore, for bulk samples 
one must either accept the use of a 'suitable' 
cryoprotectant, or else accept the presence of 
ice crystals. 
Theoretical and practical considerations for 
freezing samples using liquid and solid coolants 
will be reviewed. Special consideration will be 
given to the present status of cryoprotection and 
the indications and contra-indications for its 
use. 
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Introduction 
Although the transmission electron micro-
scope was invented in 1931, a period of nearly 
twenty years elapsed before biomedical specimens 
could be examined on anything like a routine 
basis using this technique. The methods of sample 
preparation developed successfully in Europe by 
Sjostrand and his collaborators (among them Bjorn 
Afzelius) and in the USA by the school of Porter 
were based on the use of chemical processing. The 
theoretical advantages of physically stabilizing 
the specimen by the use of cold was quickly 
recognized (Fernandez-Moran 1956), but a further 
decade was to pass before much progress was made 
in this direction. Appleton, Christensen and 
Hodgson and Huxley pioneered cryoultramicrotomy 
during the late 60' s, and their work was a spur 
to the production by 1KB of the first c ommercial 
equipment for cryoultramicrotomy. 
Although freeze fracture flourished during 
the next ten years, few notable advances were 
made in cryoul tramicrotomy. Yet experience was 
being gained that would set the stage for the 
dramatic breakthroughs of the early 80's; in 
particular, it became apparent that a deep 
understanding of how solidifying the sample by 
cold was essential to the entire field of cryo-
preparation and cryo electron microscopy. Today, 
the possibilities and limitations of rapid 
freezing are beginning to be realistically 
understood from both theoretical and empirical 
viewpoints. The present article addresses these 
topics and argues for the importance of better 
understanding cryoprotection so that larger 
samples can be made accessible to meaningful 
cryopreparation. 
Theoretical aspects of rapid freezing of 
aqueous specimens 
Biological specimens consist mainly of 
water. When pure water is cooled, normally large 
hexagonal ice crystals will be formed, as a 
result of homogeneous and heterogeneous nucle-
ation and subsequent growth of the ice nuclei. 
This paper was presented at the Symposium on 
'Cell Structure and Cell Biology' in honor of 





~"' slow v . rapid ooling cooling 
~ 
HEXAGONAL ICE VITREOUS 7~35'C 
CUBIC 
Fig 1. Cooling rate and absolute temperature 
effects on relationships between ice phases. 
Water will form ice in one of several different 
phases, depending on the rate of cooling to 
which it is subjected. Ice in the vitreous and 
cubic phases will irreversibly change phase if 
raised beyond critical temperatures. The values 
given from these transformations refer to pure 
water and may be distinctly higher for intracel-
lular water. 
Smaller crystals can be produced by increasing 
the density of nucleation sites or by very 
substantially increasing the cooling rate. 
Very high rates of cooling will result in 
the production of cubic rather than hexagonal ice 
crystals. As shown by cryo electron diffraction, 
the average size of cubic ice crystals is on the 
scale of nanometers (Dubochet et al. 1982, 
Lepault et al. 1983). At extremely high cooling 
rates, small volumes of water can be solidified 
without the formation of crystals in the so -
called 'vitreous' state (Dubochet et al. 1982). 
( The possibility that there may exist regions 
with short-range order in 'vitreous' ice (Rasmus -
sen 1982) will not be dealt with here.) If the 
sample is warmed, irreversible phase transitions 
occur between the vitreous and cubic phases of 
pure ice at -137°c, and between the cubic and 
hexagonal phases at -1os0 c. These concepts are 
summarized in Fig 1. 
Ideally, all cryoprotection would prepare 
the sample with its water content in the vitreous 
state, because under these conditions there is no 
distortion of structure by ice crystals. Further-
more, if a sample is to be sectioned or cleaved, 
the amorphous ice will not split along preferred 
crystal planes and a true section, rather than a 
series of chips, may be formed ( Dubochet et al 
1982). Thus vitreous ice is a prerequisite to 
obtain the maximum advantages of cryopreparation 
in ultrastructural studies. 
There are several factors limiting the 
cooling rates that can be achieved in aqueous 
samples. The absolute temperature and the heat 
capacity of the coolant, the intimacy of contact 
between the coolant and the sample, and the poor 
diffusivity of heat through the sample (which is 
equivalent to an aqueous, unstirred medium) are 
among the most important. Furthermore, there is 
no one single cooling rate for a bulk sample 
(defined here as a sample larger than a few 
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Fig 2. Sample 'cooling rate' is a position-
dependent parameter. When heat transfer across 
the interface between the sample and coolant is 
maximized ( 1), then heat transfer through the 
sample itself becomes rate-limiting (2), because 
of the poor diffusivity of heat in aqueous (= 
poorly conducting) samples. 'Cooling rate ' is 
therefore a time and position-dependent para-
meter. 
nanolitres) because, even if the heat flux 
across the interface of coolant-sample is 
maximized, then the limited diffusivity of heat 
through the sample itself will cause the cooling 
rate to decrease rapidly as a function of depth 
within the sample (Fig 2). 
The parameters that can be manipulated most 
conveniently during freezing are choice of 
coolant, efficiency of heat transfer between 
coolant and sample, and size of sample. Above a 
very small sample size, the rate of cooling in 
the deeper parts of a normal sample will invari-
ably be slow enough to permit the formation of 
ice crystals. Such samples must be subject to a 
process that will slow down the rate of nucle-
ation if they are to be entirely vitreous. This 
treatment , called cryoprotection, is poorly 
understood and therefore its use is frequently 
viewed with suspicion. However, if freezing is 
to be applied beyond the limits of very small 
samples, then cryop rotect ion must be employed. 
We shall discuss below the mechanism(s) by which 
cryoprotection work, in order to help establish 
the indications and counter-ind icati ons for 
their use. 
Practical aspects of rapid freezing 
Coolants can be classified into two main 
groups, liquids and solids. The limitations of 
liquid nitrogen as a coolant for rapid freezing 
is now well understood. The improvements repor-
ted by the use of nitrogen 'slush' seem marginal 
compared to the extra complications involv ed. 
Rapid freezing techniques 
Recent theoretical results indicating a greatly 
improved performance by liquid nitrogen in the 
'supercritical ' state (Bald 1985) apparently lack 
empirical confirmation at this time. The gydro-
carbons propane and ethane freeze at -1 89 .6 C and 
- 183.5°c respectively. The gases can be liquified 
by using liquid nitrogen as secondary coolant . 
The liquids are efficient coolants mainly because 
there is a wide range between their freezing and 
boiling points. Vitrification of thin aqueous 
films can regularly be obtained with these 
liquids ( Dubochet et al. 1982), and the outer 
layers of small bulk samples can be frozen with 
an apparent absence of ice crystal ' ghosts' 
(Barnard 1982). There is an objection to the use 
of hydrocarbons in liquid form, because of the 
risk of explosion. This could arise by sparking 
an air/hydrocarbon gas mixture, or by the conden -
sation of oxygen from the air into the coolant 
when close to its freezing point. However, so far 
there are no reports of any laboratory accidents 
caused by the use of these compounds in freezing 
experiments. So providing that vigilance and 
common sense are used, the actual risks can be 
handled. 
Non-explosive liquid coolants are also 
available . These are the halogenated hydrocarbons 
known as Freons, or Isceons. Particularly Freon 
12 and Freon 22 have properties that are suitable 
for efficient rapid freezing. Their general 
handling is similar to the hydrocarbon coolants. 
Freon 12, propane, and ethane can be supercooled 
a few degrees by vigorous stirring. In the 
absence of stirring, propane and the Freons will 
freeze if cooled by liquid nitrogen, which is a 
decided inconvenience . Somlyo and collaborators 
have imaginatively taken advantage of this 
property by clamping intact liver lobes between 
solid blocks, or 'popsicles', of frozen Freon 22 
(Som lyo et al . 1985) . In this situation, the heat 
flow into the coolant will be absorbed by the 
latent heat of the solid up to its melting point, 
plus the latent heat of melting and finally by 
the latent heat of any liquid generated. The 
quality of freezing illustrated was of remarkably 
high quality for such a large specimen prepared 
intact and in the absence of any cryoprotection. 
The above is an unusual example of the use 
of a solid coolant. However, solid coolants are 
normally blocks of very pure metal, such as 
copper or silver, with a highly polished, conta -
mination - free surface . The metal block is cooled 
by liquid or gaseous nitrogen at -196°c or by the 
vapour from boiling helium ( - 269°C). The optimal 
combination, according to theoretical calcula -
tions , is helium/silve r (Bald 1983). The extreme 
cold and high thermal capacity of metal blocks 
can give under optimal conditions very high rates 
of freezing in the surface layers of a specimen. 
Indeed, the only unambiguous demonstration, by 
cryo electron diffraction, of the formation of 
vitreous ice in a non-cryoprotected bulk sample 
was from a specimen prepared by copper/helium 
freezing (MacDowell et al. 1983). Relatively deep 
layers ( several tens of micrometers) of sample 
with only very small ice crystal profiles can be 
obtained rep roducibly with this method (Fig 3A, 
B) (Escaig 1984, Roos and Barnard 1985). 
The greatest practical difficulty associated 
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with the use of metal mirror freezing devices is 
to prevent the slightest rebound between sample 
and metal surface . If this occurs , the rate of 
cooling of the sample surface drops drastically 
and a bad result is obtained. This was the prime 
cause of the poor reproducibility of freezing 
obtained with early ' slamming devices'. 
The second practical problem is expense. The 
initi al capital outlay for commercially available 
devices is high and these may consume 1 litre or 
more of liquid helium per freezing shot . At 
current prices this costs about USD 20 per litre 
in Scandinavia. For most laboratories, such a 
level of expenditure can only be justified 
providing that the results are clearly superior 
to alternative , less expensive methods. 
A cheap device for metal freezing has been 
described. This consisting of a pair of flat-
jawed pliers with the inner surface of each jaw 
lined with a highly polished piece of pure 
coppe r. The copper surfaces are manufactured to 
be plane parallel and are kept highly polished. 
The pliers are cooled in liquid nitrogen to 
thermal equilibrium and then the sample is 
quickly seized and crushed between the jaws. 
Thereafter it is easily broken out from the 
surrounding tissues and plunged into the liquid 
nitrogen for storage and/ or removal. The quality 
of freezing of non-cryoprotected bulk samples can 
be quite good, but it is strongly dependent upon 
the dexterity of the operator {Hag ler et al. 
1984). 
The technologically most complicated freez-
ing method is that involving freezing at high 
pressure. A hydraulic device delivers a jet of 
liquid nitrogen at up to 2000 bars pressure 
simultaneously to both sides of the sample, which 
has been pressurized to 2000 bars a fraction of a 
second previously by the arrival of a brief 
propyl alcohol jet in front of the nitrogen. At 
this pressure the physical properties of wat er 
are altered in such a way that nucleation is 
suppre ssed sufficiently for the relatively slow 
coolin g rate provided by liquid nitrogen to 
produce apparently vitreous ice, even at the 
centre of samples as large as 0.6 mm in diameter 
(Mliller and Moor 1984). 
The advantage of this method is the ability 
to produce apparently vitreous samples of rela-
tively large size in the absence of cryoprotec -
tion. An interesting application has been to 
stu dy the relationship between chondrocytes and 
extracellular matrix. The fixed sample was 
compared after conventional dehydration and after 
high pressure freezing followed by freeze substi -
tution. The latter procedure resulted in chondro-
cytes with a non-plasmolysed appearance and a 
more intimate relationship between the cell 
boundary and the extracellular matrix. The 
conclusion was that conventional dehydration and 
embedding causes the appearance of the 'lacunae' 
between cell boundaries and the extracellular 
matrix that are typical of conv e ntionally pre-
pared epiphyseal cartilage (Engfe ldt et al. 
1986). 
One disadvantage of the high pressu re 
freezing system as currently available seems to 
be the time required to get the sample into the 
pressure chamber. Unfixed, actively metabolising 
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tissue would necessarily be subject to some 
degree of trauma during this procedure. Another 
disadvantage is the very large capital investment 
required. This brings up the subject of the cost/ 
efficiency of different freezing procedures. 
Even a superficial examination of the market 
will show that the cost of freezing both ' small ' 
and 'large' samples varies very greatly, as does 
the cost of an individual freezing run. To date, 
non-cryoprotected, vitrified specimens have only 
been unambiguously documented in a limited number 
of cases after Copper/ helium slamming or plung-
ing into liquid hydrocarbons. However, all the 
methods mentioned above are capable of producing 
fairly good results in the surface layers of 
non-cryoprotected specimens, in spite of the fact 
that the costs of these different methods vary 
enormously. The greatest difference in cost -
efficiency is apparent when comparing methods for 
freezing 'large' samples, using high pressure 
freezing costing well over USD 50 000 on the one 
hand, and cryoprotection costing a dollar or two 
on the other. There is therefore a strong econo-
mic, as well as scientific, pressure to better 
understand the possibilities and limitations of 
cryoprotection of biomedical samples for rapid 
freezing. 
Cryoprotection of aqueous samples 
' Cryoprotection' is the treatment of a 
sample with a substance that will slow the rate 
of ice crystal nucleation at any point in the 
cooled sample below the rate at which the water 
solidifies. The traditional compounds for cryo -
protection of biological samples used to be 
glycerol and dimethyl sulphoxide; today the most 
commonly used substance is sucrose, with interest 
also being directed to some water-soluble poly-
mers such as polyvinyl pyrrolidone, hydroxyethyl 
starch and dextran. The indication for the use of 
sucrose is if the sample has been fixed prior to 
exposure to the cryoprotectant solution. Living 
tissues will be severely plasmolysed by the high 
osmotic pressure of the minimum concentration 
(1.8 - 2.1 M) of sucrose required for efficient 
cryoprotection. It has been demonstrated repea-
tedly that living cells and tissues can survive 
limited periods of exposure to the water-soluble 
polymers at the high concentrations, (but low 
osmolarities) at which they are used (Kuijpers 
and Roomans 1983). Although a limited derangement 
of functions by polymer solutions has frequently 
been observed upon specific testing, these are 
normally quickly reversible when the solution is 
removed (Barnard et al. 1984). 
The mechanisms of cryoprotection exerted by 
a concentrated solution of sucrose is not clearly 
understood. Griffiths et al. (1985) examined 
frozen-hydrated, ultrathin cryosections of fixed 
sucrose-protected cells by quantitative cryo 
electron microscopy. They concluded that sucrose 
had penetrated the fixed cells, but this observa -
tion still leaves the molecular mechanisms of 
sucrose cryoprotection to be accounted for. 
In routine sample preparation it is widely 
believed that sucrose does not penetrate cells 
even after fixation by aldehydes; this is the 
logic behind adding sucrose to washing solutions 
in order to maintain a constant effective osmotic 
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pressure between the primary aldehyde fixative 
and the succeeding washing buffer (Wangensteen et 
al, 1981). Assuming that sucrose does not pene-
trate fixed cells, then immersion of a fixed 
sample in a concentrated sucrose solution would 
cause an intra- to extracellular movement of 
water. At a certain point the intracellular water 
activity might become sufficiently low to signi -
ficantly decrease the rate of intracellular ice 
nucleation. How sucrose might suppress extra-
cellular ice nucleation will be considered below. 
There is also a spectrum of opinions as to 
the possible mechanisms by which water-soluble 
polymer solutions exert their cryoprotective 
action . A favourite candidate has been the 
concept that the polymers 'bind' water so that it 
becomes unfreezable. This concept has been 
investigated in some detail using the isolated 
salivary gland of the blowfly Calliphora (Barnard 
et al. 1984). The main results of that investiga-
tion can be summarized as follows: 
The rate of secretion by the isolated glands 
decreased as a function of the concentration of 
the polymer solution. There were s ignificant 
differences in the inhibito ry effect between 
different polymers at the same concentration. 
Secretory rate was restored upon thoroughly 
washing the glands. 
The glands did not experience the polymer 
solutions as being hyperosmotic, as judged by a 
functional response. 
The apparent freezing point depression of 
the polymer solutions increased exponentially as 
a function of concentration (Fig 4). At a given 
concentration, there were significant differences 
between the apparent freezing point depressions 
of the different polymers. The ranking order of 
this effect was the same as the ranking order for 
inhibition of secretion (Table 1). 
The apparent freezing point depression at 
high polymer concentrations was vastly in excess 
of that expected from the osmolarity of the 
solution. 
The apparent freezing point depression of 
polymer-salt solutions was close to the sum of 
the freezing point depressions of the separate 
salt and polymer components, even when the 
polymer was added to the salt solution as a 
powder and not as a ready-made solution. 
Experiments with ion-sensitive microelec-
trodes and a range of KCl concentrations showed 
that K+ and Cl- activities did not increase upon 
addition of solid dextran to the solutions. 
The conclusion drawn from these experiments 
was that there was no evidence that polymers 
'bound' water, i.e., removed it from its solvent 
functions. The polymer solutions seemed to affect 
the glands through a physical , rather than 
chemical effect. I should like to speculate on 
what this physical effect might be, based on new 
data and concepts. 
The large differences between the theore -
tical osmolarities of the polymer solutions and 
their apparent freezing point depressions were 
striking and unexplained. It is interesting to 
observ e that the curves of apparent freezing 
point depressions become virtually asymptotic in 
the concentration range (25 35%) at which 
polymer solutions are used for cryoprotection . 
Water that does not freeze will not release its 
Rapid freezing technique s 
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Fig 3. Helium / copper 'slammed' rat pancreas. The 
sample was frozen as an in vitro organ prepara-
tion, without cryoprotection, using a helium -
cooled pure copper block ( Reichert 'Cryoblock' ) 
and freeze substitution to reveal the distribu-
tion of ice crystal 'ghosts'. 
A. Overview showing excellent morphological 
presentation and very small ice crystal ghost 
profiles for 50-60 µm (dotted line= 50 µm) from 
the freezing front (not shown). Bar= 10 µm. 
B. Detail of another freezing front at higher 
magnification. Note the absence of visible ice 
crystal ghosts in the cell layers in from the 
mesothelium. In spite of the speed and force of 
the impact of sample with copper block, mesothe-
lial microvilli are still upright, indicating 
that at this position the freezing front preceded 
the arrival of the pressure front. Bar= 2.0 µm . 
latent heat of crystallization; anomalously high 
apparent freezing point depressions could there-
fore represent the amount of unfreezable water in 
the solutions. We shall return below to an hypo-
thesis to account for why the water might be un-
freezable. ·1 
The volumes of the polymer solutions were 
substantially increased compared to the volume of 
the solvent alone. This increase was investigated 
T. Barnar d 
Table 1 
Sunmary of ranking orders of various parameters 
Parameter Ranking order Reference 
---------------------------------------------- --------------------------------------------------6 
inhibition of fluid secretion PVP40 > D 2xl0 6 > D 255 000 > D 70 000 
1 
apparent freezing point depression PVP40 > D 2xl0 6 > D 255 000 > D 70 000 
Fig 3 
"specific solute volume" Gel » PVP40 > D 2x10 6 > D 70 000 Table 2 
viscosity Gel » PVP40 > D 2x10 > D 255 000 > D 70 000 See note 
Notes: 1. Viscosity estimated by visual inspection only 2. Gel= gelatine 
quantitatively for several polymers at the same 
concentration (30% weight/ weight). Gelatine was 
also included in the experiment, al though the 
concentration of this solution could only be made 
to 10%. All the polymer solutions underwent a 
volume increase, ranging from 19% to 68% ( Table 
2). From this I conclude that the average dis-
tance between the water molecules must have been 
increased in the polymer solutions, i.e. , that 
the water activity must have been lowered. For 
the dextrans and polyvinyl pyrrolidone, the 
ranking order of the volume increases is the same 
as the ranking orders of the apparent freezing 
point depression and of the inhibition of secre-
tion ( Table 1). Furthermore, by visual inspec-
tion, it was judged that the ranking order of the 
solution viscosities was identical to the other 
ranking orders. 
The gelatine solution showed these corre-
lations in an extreme form; already at 10%, this 
was so viscous as to be a gel, and i t had a 
'solution volume' of 168 ml per 100 ml solvent 
when extrapolated to 30% concentration (Tab le 2). 
The consistency shown by the ranking orders 
of the different parameters suggests that they 
are in some way related. Sucrose solutions giving 
effective cryoprotection are highly viscous a l so. 
Discussing the freezing of pure water , 
Franks ( 1985) has drawn attention to the expo-
nential increase in viscosity that occurs in 
supercooled pure water as its temperature falls . 
He has suggested that this viscosity increase, of 
decades rather than units, is an important 
element in the explanation of why supercooling 
improves the quality of freezing. 
This observation suggests that the central 
parameter relating the above set of phenomena in 
polymer solutions is viscosity, and that the 
increased viscosity of · these solutions at sub-
zero temperatures decreases the mobility of the 
contained water molecules. Assuming a constant 
rate of cooling, then the time needed to reach a 
'critical viscosity', at which nucleation of ice 
crystals would fall to an insignificant rate, 
would rapidly become shorter as the initial 
viscosity of the solution increased (Fig 5). When 
ice crystal nucleation decreases, it may be 
predicted that less latent heat of freezing will 
be released. The water in the solution is then 
from a phenomenological viewpoint becoming un-
freezable and the apparent freezing point depres-




polyvinyl pyrrolidgne 40 
D 2x10 = Dextran MW 2x10 
D 225 000 = Dextran MW 255 000 
D 70 000 = Dextran MW 70 000 
mobility of water in a viscous solution may make 
it less available for t ransport by the isolated 
gland, with a resulting decrease in secretory 
rate. This restriction would immediately be 
removed wheu the polymer solution was washed 
away, and the gland would start secreting nor-
mally again. 
A further effect will reinforce the in-
fluence of decreased water mobility on ice 
cr ystal formation in the polymer solutions, 
namely the fact that the average spacing between 
water molecules has been increased ( see above). 
Thus the water molecules will both move more 
slowly upon cooling and have farther to go before 
finding an ice crystal nucleus. Attributing a 
major role of increased solution viscosity as an 
effective cryoprotective characteristic also 
permits a logical explanation of why sucrose can 
cryo protect the extracellular as well as the 
intracellular space. 
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solutions were quantitatively transferred to pre-weighed 50 ml volumetric flasks. The solutions were 
made up to the mark, mixed well and topped up if necessary. Then the flasks and solution were weighed. 
The specific solute volume is defined as the volume occupied by 100 g of polymer when made up as a 
solution of 30% ww, i.e., 
( Volume solute (ml)/ (Weight solute), ) x 100 = Spec sol vol. 
Normalization of concentrations and SSV to exactly 30 .0 % was necessary because of slight deviations of 
actual concentrations from 30 . 0 % ww. The normalized values for gelatine should be considered only 
approximate, as they are based on the assumption of linearity of effect between 9 and 30.0 % ww. 
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Discussion with Reviewers 
B.A. Afzelius: Rapid freezing of biological 
tissue for cryoultramicrotomy is used for dif-
ferent purposes (purely morphological studies, 
immunocytochemistry, X-ray microanalysis, elec -
tron energy loss analysis). These different 
applications pose different constraints as on the 
chemical/ physical treatment of the tissue (e.g., 
with cryoprotectants) prior to freezing. You 
state that 'cryoprotection is poorly understood 
and therefore its use is viewed with suspicion'. 
Although I agree that cryoprotection is poorly 
understood, the present agreement that it is not 
suitable for microanalytical work stems from 
documented adverse effects rather than from 
'suspicions'. Shrinkage, water displacement, and, 
especially with low-molecular weight cryoprotec-
tants, ion redistribution can hardly be expected 
to make the technique accepted. Possibly we can 
live with some of these artifacts better if we 
more exactly understand how they come about. 
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However, wouldn't you agree with the state ment 
that~ method to change the freezing characte-
ristics of intra - (and - extra ) cellular water 
necessarily and by definition introduces arti-
facts? 
Author: All methods introduce artifacts. Progress 
in science is made by being able to study arti -
facts in a reproducible manner and thereby come 
to an understanding of what they represent in the 
l iving state. I n this part i cular context, what I 
am trying to argue for is that the researcher 
must better assess the importance of cryoprotec-
tant-induced artifacts in specific contexts. 
G. M. Roomans: When using the ' polished pliers' 
technique, what is the risk of crushing the 
tissue? Supposing that the tissue surface is 
solidified instantaneously, what about the inner 
parts of the specimen, i.e. , what is the actual 
depth taken from the tissue sample surface that 
can be utilized as 'undamaged' tissue? 
Author: The risk of crushing the underlying 
tissue layers is real. However, this effect is 
readily seen in the electron microscopic image. 
Usually the surface layers are usable. A quanti-
tative definition of 'surface layers ' cannot be 
given because of the many variables that will 
affect the quality of freezing in a specific 
situation . 'Some microns' is the least vague 
answer that can be given. 
